We present the complete data set, model and line identification of a survey of the emission from the C-rich protoplanetary nebula CRL 618 performed with the IRAM-30m telescope in the following frequency ranges: 80. GHz. A selection of lines from different species has been used in previous works to derive the structure of the source, its physical conditions and the chemical abundances in the different gas regions. In this work, we have used this information to run a global simulation of the spectrum in order to check the consistency of the model and to ease the task of line identification. The total number of lines that have a correspondence in both data and model is ∼3100, although quite often in this object many lines blend into complex features so that the model, that takes into account line blending, is a key tool at this stage of the analysis. Of all the lines that we have been able to label, ∼55% of them belong to the different forms of HC 3 N, and ∼18% to those of HC 5 N. The density of remaining unidentified features above the 3σ limit is only one per ∼2.1 GHz (74 features), which is unprecedented in the analysis of this type of large millimeter-wave line surveys.
INTRODUCTION
In order to study the evolutionary stages from Asymptotic Giant Branch (AGB) to Planetary Nebulae (PN), multiwavelength and multi-object data are necessary to reveal the key changes in physical conditions and chemical composition as completely as possible. Even so, the task is not trivial due to the many distinct environments that can be present in these C-rich or O-rich objects including: very fast winds and presence of shocks (Cernicharo et al. 1989; Davis et al. 2005; Bujarrabal et al., 2002) , binarity , De Marco et al. 2004 , magnetic fields (Frank & Blackman 2004; Huggins & Manley 2005) , late thermal pulses (Asplund et al. 1999 , Pavlenko et al. 2004 ), etc... Molecular spectroscopy at millimeter, submillimeter and FIR wavelengths is a useful tool to study the early stages of this evolution because large carbon chain and metal containing molecules form in the atmospheres of late-type stars. This rich formation chemistry exists in C-rich objects due to the relatively high densities and the presence of dust and shocks created by significant mass loss . In addition, the potentially photodissociating radiation from the central star, when it changes its spectral type, is blocked in a compact inner region. As the evolution goes on, the shielding of high energy photons from the central star, that has evolved toward types A, B and O is less effective so that the molecular content in the envelope decreases greatly.
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The ideal targets to study the formation chemistry of large carbon-chain molecules are late type stars with significant mass loss (e.g., IRC+10216), protoplanetary nebulae (e.g., CRL 2688 and CRL 618) and very young planetary nebulae (e.g., NGC 7027). , performed a study using several CO lines across the mm and submm ranges in the latter four objects, taken as prototypes for the different steps of the AGB to PN evolution, aimed at determining the physical conditions prevailing for the molecular gas. Sánchez-Contreras et al. (2002 have undertaken a multiwavelength study of CRL 618. Cernicharo et al. (1996 Cernicharo et al. ( , 2001a have explored the ISO data of CRL 618 and IRC+10216 with interesting findings such as the first evidence for the first aromatic molecule seen outside the solar system (C 6 H 6 in CRL 618). Remijan et al. (2005) have performed a search for large molecules toward CRL 618 although no detection of biologically important molecules could be reported. Finally, Cernicharo et al. (2000) published a λ=2 mm survey of IRC+10216. Therefore, our motivation for the complete Institute de Radioastronomie Millimétrique (IRAM) 30 meter telescope survey of CRL 618, fully presented here, has been to gather the most complete molecular information on one particular stage (protoplanetary nebula, PPNe) of low-mass stellar evolution, of which CRL 618 is the best C-rich example. The data on their own have allowed a quite precise determination of physical conditions and molecular abundances in this object Pardo & Cernicharo 2006 ; hereafter P04, P05 and PC06). These pre-vious works have allowed us to build a complete model to be compared with the whole data set, thus simplifying the task of isolating U-lines during the line identification process.
OBSERVATIONS SUMMARY
The CRL 618 IRAM-30m line survey was completed in [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] . In order to keep the calibration of the spectra as consistent as possible, the observing procedure was kept unchanged through the years. Nevertheless, technical works at the telescope and varying atmospheric conditions are responsible for a relative calibration uncertainty of the order of 10%. This uncertainty in the calibration was based on observing the same lines at different epochs. The analysis of more than 15 lines in different vibrational states of HC 3 N has allowed to notice a few scans with obvious calibration problems (less than 10 over more than 350 spectra, or <3%) most probably due to an erroneous calibration scan. Those few spectra were re-scaled based on the overall results of the rotational HC 3 N ladders.
In order to avoid signal and image sideband confusion, image sideband rejection larger than 12 dB was used. Features that could be attributed to sideband contamination are only a few, generally related to a very intense line (CO, HCN, HNC, HCO + ,...) in the image side band. The pointing and focus were always checked on the target source and the peak level of the gaussians after the last correction of each pointing session has been used to study the spectral behavior of the millimeterwave continuum in CRL 618. The pointing itself was kept within 2" accuracy. The observations were carried out using the wobbler-switching mode with offsets of 60" and frequencies of 1 Hz, in order to obtain very flat baselines. The backends were two 512×1 MHz filter banks connected to the receivers operating below 200 GHz, and an autocorrelator with channel widths of 1.25 MHz connected to the receivers operating in the 1.3 mm window. System temperatures were typically 100-400 K at 3 mm, 200-600 K at 2 mm, and 300-800 K at 1.3 mm.
Complementary observations above 280 GHz have been carried out with the 10.4 m dish of the Caltech Submillimeter Observatory (Mauna Kea, Hawaii) and some of them have been used in the analysis presented in P04, P05 and PC06. The complete results above 280 GHz will be published elsewhere.
RESULTS
In order to illustrate the overall results of the survey we include here two tables (4 and 5) describing the molecules detected and the J up or energy range in which the lines of a particular species are seen. Other species included in the model, although marginally or not detected, appear also in the same table. We also provide four figures showing the overall data and model in four spectral ranges, corresponding to those of the available receivers at the IRAM-30m telescope: 3 mm, 2 mm, 1.3 mm (lower end) and 1.3 mm (upper end). In order to have an idea in the printed version of the correspondence between data and model, we present nesting zooms in frequency in all figures, so that the most detailed panel shows 0.5 GHz wide spectra (corresponding to the frequency coverage in each observational setting). The whole survey at this level of detail needs about 300 pages of figures and tables and therefore this is available only as on-line material. Finally, Table 6 provides the position and intensity of the remaining unidentified features after the analysis performed.
Continuum emission
The continuum in T * A scale was derived from the pointing scans, as explained in section 2, after discarding a few obvious bad scans. T MB and fluxes have been derived from a fit of those data to a horizontal line, scaled by the corresponding beam and forward efficiency factors of the 30m telescope (B ef f ranges from 0.79 to 0.42 and F ef f from 0.95 to 0.88 in the frequency range 80 to 275 GHz for this telescope). This analysis is not too much affected by the presence of lines because the total flux from the lines is less than 3-5 % relative to the continuum flux in most frequency settings. As a comparison, the total flux is dominated in fact by the lines in millimeter wave observations toward high mass star forming regions such as Orion (> 50% of the total flux towards the IRc2 position at these wavelengths, Tercero et al. in prep) . A few frequency settings with very strong lines such as the lowest rotational transitions of CO and HCN have been ignored for the continuum flux analysis in CRL 618. The results were presented and discussed in sections 4.1 and 5.1, Fig1, and Table 2 of P04. In terms of T MB , the continuum follows a straight line from 0.52 K at 80 GHz to 1.52 K at 275 GHz. The spectral behavior seems to be basically the same in the frequency range 280-360 GHz according to our results obtained at the Caltech Submillimeter Observatory (P04, P05). A ) belong to a very limited number of species (H recombination lines, C 3 H 2 , HCN, HCO+, CN, CO, CS, H 2 CO, CH 3 CN, CCH and HC 3 N). They also show how, as frequency increases, the absorption part of the line profile becomes less important with respect to the emission part in species showing P-Cygni profiles, indicating that the spectral behavior of the continuum flux plays a fundamental role in the evolution of the absorption/emission ratio. The absolute energy levels of the transitions play also a role, but less important. The clustering of lines belonging to HC 3 N and its isotopic and vibrationally excited species every ∼9 GHz is also nicely delineated. The detailed zoom (500 MHz) at the bottom of each figure illustrates the line identification process. Individual figures at this level of detail, including a comparison with the model, have been created for the whole data set and are available only as on-line material. Some spectra are so crowded with lines that zooms showing only 250 MHz of data have been necessary. A set of tables with the format of Table ? ?, only available also as on-line material, provide the rest frequencies of all identified features and the complete quantum numbers of the transition (usually omitted in the figures due to lack of space). The labeling is quite straightforward for all molecules with the exception of HC 3 N that, we should remind, is responsible for about 55% of the features seen in the survey. For this molecule the lines are labeled by the rotational quantum numbers (J up -J low ), the vibrational quantum numbers of the four (out of seven) lowest vibrational modes (v 4 ,v 5 ,v 6 ,v 7 ) and the ℓ-doubling param-eters for the bending modes: [ℓ 5 ℓ 6 ℓ 7 ]. The complete set of frequencies for this molecule has been obtained from Fayt et al. (2004) , and the agreement is excellent. For HC 5 N we use a similar notation with quantum numbers of the three (out of eleven) lowest vibrational modes (v 9 ,v 10 ,v 11 ) and the necessary ℓ-doubling parameters.
Line identification
The line identification process has been based on J. Cernicharo's own molecular rotational line catalog. The catalog contains now ∼1300 molecules, radicals and atoms, and the number of lines in the frequency range 80-280 GHz exceeds 600000.
Although part of the line identification could be done by means of an automated procedure (mainly designed to recognize the lines from the cyanopolyynes HC 3 N and HC 5 N), the spectra are sometimes so crowded with lines that an important part of the identification and labeling work has to be done manually, specially taking into account that the greatest interest is usually in the weak features.
The molecular species with identified lines in the millimeter spectrum of CRL 618 are listed in Tables 4 and  5 . Very few are O-bearing molecules (only SiO, H 2 CO and HCO + in addition to CO), and there is also CS, and recombination lines of Hydrogen and Helium. The most prominent features in the spectrum are due to the cyanopolyynes family, mainly HC 3 N, for which we have identified lines from more than 30 isotopic, isomeric or vibrationally excited forms. The key for deducing the basic physical parameters of CRL 618 has been to count on several hundred of lines of HC 3 N with a wide range of excitation conditions to probe the different gas regions of this source (see P04 and P05).
We know nevertheless that this object has to have some relatively large carbon chains, based on the discoveries published by Cernicharo et al. (2001a,b) . Compared to other cases such as Orion or IRC+10216, the number of U-lines in the CRL 618 survey is very small: Only 74 or one per ∼2.1 GHz as an average in the surveyed range. Although several species are candidates to explain a few of these U lines, their complex rotational spectrum should display other features arising above the noise level that are not seen, and therefore the assignment could not be established. Table 6 gives the frequencies and peak emission and absorption (if present) values for the unidentified features after subtracting the continuum level. The search for some particular species is described in section 3.5.
Detailed tables and figures showing the ∼3100 features that could be identified with the help of the model described in section 3.4 are available as on-line material only.
Model
A model aimed at reproducing the whole millimeter wave spectrum of CRL 618 as accurately as possible with the minimum number of parameters has been developed. To achieve its completion, four basic steps have been followed:
1. Model for the continuum flux considering a fixed size of the region from which it emerges, its brightness temperature at a given frequency, and a spectral index. The values used, 0.27" size, 3900 K at 200 GHz and (ν/ν 0 ) −1.12 behavior, were found and discussed in P04.
2. Model for the inner (1.5") slowly expanding molecular envelope (SEE) using lines from vibrationally excited states of HC 3 N (the best tool for this task). The average temperature of the region (250-275 K), HC 3 N column density in front of the continuum source (∼3·10 17 cm −2 ), and details about the morphology and the velocity field, were also obtained in P04.
3. Model for the high velocity wind (HVW), reaching ∼200 kms −1 , presumably quite collimated, noticeable in some abundant species such as CO, HCN and v=0 HC 3 N (see P05).
4. Model for the colder and outer, with respect to the SEE, cold circumstellar shell (CCS) that is responsible for most of the rotational emission from ν 7 and v=0 HC 3 N, and of v=0 HC 5 N. This gas component is also dominant in the emission of several other species. The average temperature (∼30 K), position (3.0" to 4.5" diameter), velocity field, density distribution, and abundance ratio of all species with respect to HC 3 N, have been obtained in P05 and PC06.
The model goes into some detail on the morphology of the object. For example, the geometry is not spherical. The SEE has an elongated shape, the HVW is collimated, and the CCS has a bipolar density distribution. The velocity field has both radial and azimuthal components. The azimuthal symmetry is broken because the line of sight is inclined with respect to the symmetry axis. See  Fig. 4 of P04 and Fig. 3 of P05 for more details. As a result, as discussed in section 3.2 of PC06, quadratures in 4 different variables are necessary for the calculations (frequency, impact parameter, path along the line of sight, and angle in the plane perpendicular to the line of sight). All species listed in Table 4 have been included in the general calculations (except stated otherwise).
In P04, P05 and PC06, the calculations were performed for a selection of lines of each species that met several requirements such as avoiding line blendings and representing well the energy range probed by each species. This allowed us to draw a quite precise picture of the structure, physical conditions and chemical abundances in the source with reasonable computation times. Now, the model has been run for all surveyed frequencies in order to check its consistency and to be provided as a final product of this study together with the whole and labeled data set.
Search for Trace Molecules
As the complexity of the molecules increases, their abundances are usually lower and their partition functions larger. In order to identify a new molecule in the data, it is necessary to run a model for a large set of transitions. Our search for new species has been based on possible products from simple reactions using molecules and radicals already identified in this survey and in IR observations. 3.5.1. C6H radical The abundance of C 2 H and CN in CRL 618 allows an efficient growth of HC 2n+1 N and C 2n H 2 molecules (see the detection of the polyyne chains C 2 H 2 , C 4 H 2 , and C 6 H 2 in ; and the polymerization of HCN in Cernicharo 2004 and P05). As a consequence, the linear radicals C 2n H, with only one free bond, are much more abundant in this object than C 2n+1 H, with three free bonds. Therefore, we expected to detect the C 6 H linear radical. However, the large rotational partition function of this species combined with a decrease in abundance with respect to C 4 H and also the the higher energy levels of C 6 H that are sounded above 80 GHz (well above the Boltzmann peak corresponding to a temperature of ∼30 K) with respect to the lighter radicals, make in fact its detectability marginal at the sensitivity level of the survey.
C5N radical
Although the radical C 3 N is more abundant than the combination of c-C 3 H and l-C 3 H, C 5 N is not detected in the survey, contrary to C 5 H. The latter is the less abundant main species detected in the survey. Assuming a similar abundance for C 5 N its non detection could be explained by its lower dipole moment (3.385 Debyes instead of 4.881 Debyes for C 5 H). In any case, above 80 GHz the rotational lines of both molecules are past the Boltzmann peak corresponding to the temperature of the cold circumstellar shell of CRL 618.
H2C4 and H2C3 radicals
Double C bounds seem to be rare in CRL 618 compared with carbon chains alternating single and triple bounds (as in the cyanopolyynes, polyynes and related radicals). This is further confirmed by our search of the H 2 C 4 and H 2 C 3 radicals (in which all carbons are doubly bounded) that has resulted on non detection for H 2 C 4 and a marginal one for H 2 C 3 . Although some features in the spectra are located at H 2 C 4 and H 2 C 3 frequencies, a calculation of the whole spectrum to reproduce those features gives inconsistencies at many other frequencies (non-detections where a line should be expected).
CH2CHCN
This is so far the only positive new finding. This molecule has µ a =3.815 Debyes and µ b =0.894 Debyes transitions that result on many weak features in our survey (see Fig. 2, bottom panel) . We have found an abundance ∼15 times less than that of HC 3 N in the CCS. This value is intermediate between those found for CH 3 CN and CH 3 CCH, although there is evidence that part of the signal detected from the last two molecules comes from the SEE (see PC06). The relatively similar abundances found for the three species tell us about a similar chemistry leading to their formation; see for details about chemical routes in CRL 618.
C6H5CN and C6H5CCH
Given the evidence in support of the detection of benzene (C 6 H 6 ) and the large abundances of the radicals CN and CCH in CRL 618, we have checked for the presence of these two molecules but unfortunately with negative results. The large partition function of these species combined with a column density of benzene of 2×10 15 cm −2 at most in this object in fact imply that the intensity of the lines cannot be expected to arise above the sensitivity level of the survey.
CH2CN
This radical, that in principle could be expected to be detectable as it should be formed in similar routes to those of the abundant CH 3 CN in CRL 618 has been the subject of an specific search. Only some features around 161.95 GHz and 241.35 GHz (see table 6) seem to be related to this radical, but the detection cannot be confirmed because there is no correspondence at other frequencies where a line should be expected.
3.5.7.
13 C substitutions of c-C3H2
Starting from the abundance of c-C 3 H 2 and considering a ratio 12 C/ 13 C of 40 in the CCS, found in P05 and PC06, it would result that H 13 CCCH at least could be detectable. Its non detection indicates that perhaps the value 40 should be understood as a lower limit. Further evidence for this is provided by H 13 2 CO, 13 CS, 13 CCH, and C 13 CH, that are not seen either. We should remind that the ratio 12 C/ 13 C is only about 15 in the inner SEE, possibly due to injection of 13 C-rich material generated in a late thermal pulse to the inner parts of the gas outflows of CRL 618. The result presented in this section, therefore, further strengths our (PC06) finding of quite different 12 C/ 13 C abundance ratios in the SEE and CCS regions of CRL 618. −2 (except ∼10 −1 for C 3 N) which would make them very difficult to detect in the SEE. This is confirmed by our data because the emission we detect from those radicals is dominated by the CCS component (almost no signs of absorption). The reason for this is that at the densities and temperatures of the SEE, reactions with H 2 would be very efficient to transfer those radicals into polyyne or cyanopolyyne species (that dominate in this region) whereas in the much colder CCS (T∼30 K) the reactions with H 2 would barely operate.
CONCLUSIONS
This paper has presented the final products of the most complete spectroscopic study at millimeter wavelengths of a protoplanetary nebula carried out up to date. First, the whole data set with line identifications for about 3100 features has been presented. The number of remaining unidentified features is unprecedentedly low, only one per ∼2.1 GHz (a total of 74 in 155 GHz). Second, the whole Note. -Table A1 is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. Note. -Table A2 is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. data set has been compared with a complete model generated from the basic physical conditions and chemical abundances deduced in the previous papers of this series (P04, P05, and PC06). Attempts have been made to search for new molecular species, not published in those works, but so far the only new finding is CH 2 CHCN in the outer Cold Circumstellar Shell of CRL 618, with a chemical formation route that must be similar to those of CH 3 CN and CH 3 CCH. The resulting morphological, physical and chemical picture of CRL 618 that has emanated from this study is unprecendently precise thanks to the wide range of energy levels in the detected molecular lines that have subsequently been analyzed to probe the object. We have been able to provide details much beyond the angular resolution of the observations. Only interferometric observations could have provided a similar level of detail. However present-day interferometry could have concentrated on only a few lines and so a lot of information on the chemical composition would be missed. The present model can now be easily extended to the frequency range 280-360 GHz, for which another survey is almost completed with the Caltech Submillimeter Observatory. The Herschel Space Observatory will provide the opportunity to access higher frequencies into the submillimeter range with an unprecedented sensitivity and limited dilution compared with ISO. This will allow to access new molecular species and to complete the study of the continuum emission in this source. The advent of EVLA and ALMA will allow direct mapping of the structures delineated in this work and the possibility of a nearly continuous coverage from 300 MHz to 950 GHz. The large collecting area should allow to extend our view of the chemical system.
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